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Abstract: The particle-number-conserving method based on the cranked shell model is used to investigate the
antimagnetic rotation band in 104Pd. The experimental moments of inertia and reducedB(E2) transition probabilities
are reproduced well. The J(2)/B(E2) ratios are also discussed. The occupation probability of each orbital close to
the Fermi surface and the contribution of each major shell to the total angular momentum alignment with rotational
frequency are analyzed. The backbending mechanism of the ground state band in 104Pd is understood clearly and
the configuration of the antimagnetic rotation after backbending is clarified. In addition, the crossing of a four
quasiparticle states with this antimagnetic rotation band is also predicted. By examining the the closing of the
four proton hole angular momenta towards the neutron angular momenta, the “two-shears-like” mechanism for this
antimagnetic rotation is investigated and two stages of antimagnetic rotation in 104Pd are seen clearly.
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1 Introduction
Antimagnetic rotation (AMR) [1, 2], which is pre-
dicted by Frauendorf in analogy to the antiferromag-
netism in condensed matter physics, is an interesting
exotic phenomena observed in some near spherical or
weakly deformed nuclei. In AMR bands, higher angular
momentum and energy are obtained by the “two-shears-
like” mechanism, i.e., by simultaneously aligning of the
angular momentum vector of two valence proton (neu-
tron) holes toward that of the valence neutron (proton)
particle. The AMR bands have regular sequences of en-
ergy levels differing in spin by 2~, which is the same as
normal rotation. However, due to the weakly deformed
or nearly spherical core, they are connected by weak E2
transitions. Moreover, the B(E2) values decrease with
increasing spin in AMR bands.
AMR has been investigated both experimentally and
theoretically since it was proposed [2]. Up to now, evi-
dence of AMR has been observed experimentally mainly
in Cd (Z = 48) and Pd (Z = 46) isotopes including
105Cd [3], 106Cd [4], 107Cd [5], 108Cd [6, 7], 110Cd [8],
101Pd [9–11], and 104Pd [12]. Recently, possible AMR
bands have also been reported in Eu (Z =63) isotopes in-
cluding 143Eu [13] and 142Eu [14]. The existence of AMR
still needs further investigation in 109Cd [15], 100Pd [16],
144Dy [17], and 112In [18] by lifetime measurements.
AMR has been investigated theoretically mainly by the
semi-classical particle rotor model [19], and the tilted
axis cranking (TAC) model [20–22]. Especially, many in-
vestigations have been performed within the framework
of microscopic-macroscopic model [4, 6, 16], pairing plus
quadrupole model [2, 15], and the covariant density func-
tional theory (CDFT) [23–26] based on the TAC model
(for reviews please see Refs. [27, 28]).
In Ref. [12], the ground state band (gsb) of 104Pd
after backbending is assigned as AMR. Using the semi-
classical particle rotor model, its configuration was as-
sumed to be pig−29/2 ⊗ ν[h
2
11/2,(g7/2,d5/2)
2] [12]. How-
ever, this band was assigned a different configuration
as pig−49/2 ⊗ ν[h
2
11/2,(g7/2,d5/2)
6] in a recent investigation
using TAC-CDFT [26] with the point coupling effective
interaction PC-PK1 [29]. Note that these two config-
urations are all written with respect to the 100Sn core.
It can be seen that these two configuration assignments
have different number of proton g9/2 holes, which are
very important to the formation of AMR. Therefore, it is
necessary to clarify the AMR configuration in 104Pd. In
the present work, the particle-number-conserving (PNC)
method [30, 31] based on the cranked shell model (CSM)
will be used to investigate the AMR in 104Pd. Note that
the PNC-CSM has already provided successful descrip-
tions for the AMR bands in 105,106Cd [32] and 101Pd [33],
and have shown the important role of pairing correlations
on the moment of inertia (MOI) and the “two-shears-
like” mechanism.
Different from the traditional Bardeen-Cooper-
Schrieffer or Hartree-Fock-Bogoliubov approaches, in the
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PNC method, the pairing interaction is diagonalized di-
rectly in a sufficiently large Fock-space [34]. Therefore,
it is a shell-model like approach and the particle-number
is totally conserved from beginning to the end and the
Pauli blocking effects are treated exactly. The PNC
scheme has also been transplanted in relativistic and
non-relativistic mean field models [35–38], and the total-
Routhian-surface method [39].
This paper is organized as follows. The theoretical
framework of PNC-CSM is presented in Sec. 2. The re-
sults and discussion of the AMR band in 104Pd are given
in Sec. 3. Finally I summarize this work in Sec. 4.
2 Theoretical framework
For an axially deformed nucleus, the cranked shell
model Hamiltonian reads
HCSM = H0+HP=HNil−ωJx+HP , (1)
where HNil is the Nilsson Hamiltonian [40], −ωJx is the
Coriolis interaction, and HP is the monopole pairing in-
teraction with effective pairing strength G. HP reads
HP = −G
∑
ξη
a†ξa
†
ξ¯
aη¯aη , (2)
where ξ¯ (η¯) denotes the time-reversal state of ξ (η).
When treating the pairing correlations, a cranked
many-particle configuration (CMPC) truncation is
adopted, which can make sure that the PNC calculations
are both workable and sufficiently accurate [34, 41]. For
the investigation of heavy nuclei, a dimension of 1000
for both protons and neutrons is enough. By diagonal-
izing the HCSM in a sufficiently large CMPC space, suf-
ficiently accurate solutions for low-lying excited eigen-
states of HCSM can be obtained, which can be written
as
|Ψ〉=
∑
i
Ci |i〉 , (Ci is real), (3)
where |i〉 is a CMPC (the eigenstate of H0) and Ci is the
corresponding expanding coefficient. The expectation
value of any one-body operator (e.g., angular momen-
tum Jx and quadrupole moment Q20) O =
∑N
k=1
O(k)
can be written as
〈Ψ|O|Ψ〉=
∑
i
C2i 〈i|O|i〉+2
∑
i<j
CiCj 〈i|O|j〉 . (4)
Since O is a one-body operator, the matrix element
〈i|O|j〉 between two different CMPCs |i〉 and |j〉 is
nonzero only when these two CMPCs differ by one par-
ticle occupation [31]. After certain permutations of cre-
ation operators, these two CMPCs can be written as
|i〉=(−1)Miµ|µ · · · 〉 , |j〉=(−1)Mjν |ν · · · 〉 , (5)
where µ and ν are two different single-particle states,
and (−1)Miµ = ±1, (−1)Mjν = ±1 according to whether
the number of permutation is even or odd. Therefore,
the expectation value of the one-body operator O can be
separated into the diagonal
∑
µ
O(µ) and the off-diagonal
2
∑
µ<ν
O(µν) parts
〈Ψ|O|Ψ〉 =
(∑
µ
O(µ)+2
∑
µ<ν
O(µν)
)
, (6)
O(µ) = 〈µ|O|µ〉nµ , (7)
O(µν) = 〈µ|O|ν〉
∑
i<j
(−1)Miµ+MjνCiCj , (8)
where nµ =
∑
i
|Ci|
2Piµ is the occupation probability of
the single-particle state |µ〉 and Piµ=0 (1) if |µ〉 is empty
(occupied) in |i〉.
The kinematic MOI J (1) and dynamic MOI J (2) are
given by
J (1)=
1
ω
〈Ψ|Jx|Ψ〉 , J
(2)=
d
dω
〈Ψ|Jx|Ψ〉 . (9)
The reduced B(E2) transition probability can be ob-
tained from the semi-classical approximation as
B(E2)=
3
8
〈Ψ|Qp20|Ψ〉
2
, (10)
where Qp20 is the proton quadrupole moment and
Q20=
√
5
16pi
(3z2−r2)= r2Y20 . (11)
3 Results and discussion
In the present work, Nilsson parameters (κ and µ) for
104Pd are taken from Ref. [42]. The deformation parame-
ter ε2=0.18 is taken as the experimental value [12]. The
valence single-particle space is constructed from N = 0
to N = 5 major shells both for protons and neutrons.
Note that N = 0 to N = 3 major shells are closed shells
(N =Z = 40), and are fully occupied, so their contribu-
tion to the total angular momentum alignment is zero
both for protons and neutrons. However, they are im-
portant for calculating the B(E2) values. With N = 0
to N =3 major shells being considered, there is no effec-
tive charge involved when calculating the B(E2) values.
The effective monopole pairing strengths are determined
by the experimental odd-even binding energy differences
and the MOIs, and are connected with the dimension
of the truncated CMPC space, which are about 0.9~ω0
for protons and 0.8~ω0 for neutrons, respectively. In the
present calculations, the dimensions of the CMPC space
are chosen as 1000 both for protons and neutrons, in
which the CMPCs with weights larger than 0.1% in the
many-body wave-function (c.f., Eq. 3) are all included.
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The effective pairing strengths adopted in this work are
Gp = 0.5 MeV for protons and Gn = 0.8 MeV for neu-
trons.
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Fig. 1. (Color online) The proton (a) and neutron
(b) cranked Nilsson levels near the Fermi surface
of 104Pd. The positive and negative parity levels
are denoted by blue and red lines, respectively.
The signature α = ±1/2 levels are denoted by
solid and dotted lines, respectively.
The cranked Nilsson levels near the Fermi surface
of 104Pd are shown in Fig. 1 for (a) protons and (b)
neutrons. Due to deformation effects, the traditional
magic shell gaps with proton number Z = 50 and neu-
tron number N = 50 disappear. It should be noted
that since the quadrupole deformation adopted in the
present calculation for 104Pd (ε2 = 0.18) is much larger
than those for 105Cd (ε2 = 0.12),
106Cd (ε2 = 0.14),
and 101Pd (ε2 = 0.125) in our previous works [32, 33],
their single particle structures close to the Fermi sur-
face are quite different. It can be seen from Fig. 1(a)
that for the gsb of 104Pd, there are four g9/2 proton
holes (pi9/2+[404] and pi7/2+[413]). At rotational fre-
quency ~ω=0 MeV, they should be partly occupied due
to the pairing correlations, and their occupation proba-
bilities will change with increasing rotational frequency.
Meanwhile, it can also be seen from Fig. 1(b) that the
neutron h11/2 orbital ν1/2
−[550] should be nearly empty
at rotational frequency ~ω = 0 MeV and with rota-
tional frequency increasing, the single particle energy
of this orbital decreases quickly. Different from the
AMR band in 101Pd [9–11], the ν1/2−[550] orbital is
not blocked in the gsb of 104Pd, so neutron level cross-
ing will happen with increasing rotational frequency.
The data show that the possible AMR band in 104Pd
is the yrast band after the backbending [12]. Using the
semiclassical particle rotor model, its configuration was
assumed to be pig−29/2 ⊗ ν[h
2
11/2,(g7/2,d5/2)
2] [12]. How-
ever, this band was assigned a different configuration as
pig−49/2⊗ν[h
2
11/2,(g7/2,d5/2)
6] in a recent investigation using
TAC-CDFT [26]. Therefore, to clarify its configuration,
in the following investigation, adiabatic calculations for
the gsb in 104Pd will be performed and the configuration
for this AMR band can be obtained automatically after
neutron level crossings.
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Fig. 2. (Color online) The experimental [12] and
calculated kinematic MOIs J(1) with and without
pairing correlations for the gsb in 104Pd.
Figure 2 shows the experimental [12] and calculated
kinematic MOIs J (1) with and without pairing correla-
tions for the gsb in 104Pd. The MOIs and the corre-
sponding rotational frequencies are extracted by
J (1)(I)
~2
=
2I+1
Eγ(I+1→ I−1)
,
~ω(I) =
Eγ(I+1→ I−1)
Ix(I+1)−Ix(I−1)
, (12)
where Ix(I) =
√
(I+1/2)2−K2. The pairing correla-
tions are crucial to reproduce the data for the whole
rotational frequency region. One can see from Fig. 2
that without pairing correlations, the MOIs of 104Pd
are overestimated for a large extent and the calculated
backbending frequency is much earlier than the data
(~ω ∼ 0.4 MeV). After considering the pairing correla-
tions, the data can be reproduced very well. Note that
the present calculations fail to reproduce the sharp back-
bending appeared in the experimental MOIs due to the
defect of the cranking model. In order to obtain the back-
bending effect exactly, one has to go beyond the cranking
model [43, 44]. Due to the fact that the MOIs of the gsb
in 104Pd are reproduced very well by the present PNC-
CSM calculation, the configuration of this AMR band
should be reasonable. Later on, the configuration ob-
tained by the present calculation will be compared with
previous works [12, 26].
Usually, typical AMR has weak E2 transitions and
large J (2)/B(E2) ratios, which reflect the nearly spher-
ical or weakly deformed core. Moreover, due to the
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“two-shears-like” mechanism, the B(E2) values decrease
with increasing spin. Figure 3(a) shows the experimen-
tal [12] and calculated B(E2) values with and without
pairing correlations for the gsb in 104Pd. Previous works
have shown that pairing correlations are important to
reproduce the B(E2) values only when the proton level
crossing happens, and the reduced B(E2) values strongly
depend on the deformation rather than the superfluid-
ity [32, 33]. It can be seen from Fig. 3 that the de-
creasing of the B(E2) values with increasing rotational
frequency can be obtained no matter whether the pairing
correlations are taken into account or not. However, the
calculated results are more consistent with the data after
considering the pairing correlations. Note that the ex-
perimental B(E2) values drop very quickly with increas-
ing rotational frequency when ~ω > 0.6 MeV and the
present calculation with fixed deformation fails to repro-
duce this. Therefore, the “two-shears-like” mechanism
alone is not enough to provide the decrease of B(E2)
values. The PNC-CSM calculations with deformation ε2
changing from 0.18 to zero are also shown in Fig. 3(a) by
the blue dash dotted line. The inset shows the deforma-
tion parameter ε2 adopted in this calculation, which is
obtained by fitting the experimental B(E2) values with
increasing rotational frequency. It can be seen that at
lower rotational frequency region, the deformation keeps
nearly unchanged. With rotational frequency increas-
ing, the deformation decreases gradually. When the
rotational frequency ~ω > 0.65 MeV, the deformation
shows a sharp reduction and decrease to zero rapidly
at ~ω ∼ 0.75 MeV. Due to the fact that with the ex-
perimental deformation parameter ε2 =0.18, the B(E2)
values can be reproduced quite well at the beginning of
this AMR band, the involution of the deformation with
rotational frequency should be reasonable. Therefore,
the present calculations also imply the quick reduction
of the deformation in the gsb of 104Pd with increasing
rotational freuqency. Note that the TAC-CDFT calcula-
tions in Ref. [26], which can treat the deformation self-
consistently with rotational frequency, can not reproduce
such quickly decreasing B(E2) values neither. This may
need further investigation. Figure 3(b) shows the com-
parison of experimental and calculated J (2)/B(E2) ra-
tios. Because the B(E2) values at higher spin region are
not reproduced well by the PNC-CSM calculation with
fixed deformation, only the first two data of J (2)/B(E2)
ratios can be reproduced reasonable well. It also can be
seen that if the deformation changing effects are taken
into account, the J (2)/B(E2) ratios can be well repro-
duced, which is shown by the blue dash dotted line in
Fig. 3(b). In addition, The sharp peak at ~ω∼ 0.45 MeV
for J (2)/B(E2) ratios is due to the backbending.
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Fig. 3. (Color online) (a) The experimental [12]
and calculated B(E2) values with and without
pairing correlations for the gsb in 104Pd. (b)
The comparison of experimental and calculated
J(2)/B(E2) ratios. The blue dash dotted line
shows the calculated results with deformation ε2
changing from 0.18 to zero and the inset shows the
deformation parameter ε2 adopted in this calcu-
lation.
Figure 4 shows the neutron and proton occupation
probability nµ of each orbital µ (including both α =
±1/2) near the Fermi surface of the gsb in 104Pd. It
can be easily seen from Fig. 4(a) that at the rotational
frequency ~ω ∼ 0.4 MeV, the occupation probability for
the neutron h11/2 orbital ν1/2
−[550] increases suddenly
from about 0.4 to 2.0, while the occupation probabili-
ties for some (g7/2,d5/2) orbitals (ν3/2
+[411], ν5/2+[413],
etc.) decrease. This indicates that the backbending may
mainly be caused by the alignment of one pair of h11/2
neutron. Therefore, the AMR, in which the increase of
angular momentum is caused by the contribution from
proton, can happen in 104Pd only after the neutron level
crossing. It also can be seen from Fig. 4(b) that at
the similar rotational frequency, the occupation proba-
bility for the proton g9/2 orbital pi7/2
+[413] drops down
from about 0.6 to about 0.1, while the occupation prob-
abilities for other proton g9/2 orbitals, e.g., pi5/2
+[422]
and pi3/2+[431], increase gradually. The occupation re-
arrangements in proton g9/2 orbitals may also contribute
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to the backbending, which is similar as 101Pd [33]. The
present calculations show that after backbending, due
to the existing of pairing correlations, the proton con-
figuration of the AMR band is four partly empty pro-
ton g9/2 holes. As for the neutron, the configuration
is two aligned h11/2 particles and about six particles in
the (g7/2,d5/2) orbitals. Note that the proton holes and
neutron particles are written with respect to the 100Sn
(N = 50 and Z = 50) core. When neglecting the pair-
ing correlations, this configuration is consistent with that
adopted in Ref. [26] by the TAC-CDFT. In addition, one
can see from Fig. 4(b) that at the rotational frequency
~ω ∼ 0.8 MeV, the occupation of pi1/2+[431] increases
from nearly zero to about 0.6, and the occupation of
pi5/2+[422] drops from 1.9 to 1.3. This is caused by the
level crossing between these two orbitals due to the quick
drop of pi1/2+[431] with increasing rotational frequency,
which can be easily seen from the cranked Nilsson levels
in Fig. 1(a). This indicates that the AMR band observed
in 104Pd will be terminated around this rotational fre-
quency and a four quasiparticle band will appear, which
is similar as that observed in 143Eu [13].
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Fig. 4. (Color online) The neutron (a) and pro-
ton (b) occupation probability nµ of each orbital
µ (including both α = ±1/2) close to the Fermi
surface of the gsb in 104Pd. The positive and neg-
ative parity levels are denoted by blue solid and
red dashed lines. The Nilsson levels which are
fully occupied (nµ ∼ 0) and fully empty (nµ ∼ 2)
are not shown.
Figure 5 shows the experimental and calculated angu-
lar momentum alignment 〈Jx〉 for the gsb in
104Pd. It can
be seen from Fig. 5 that, there is a sharp increase of the
neutron angular momentum alignment from rotational
frequency ~ω∼ 0.35 MeV to about 0.45 MeV, which in-
dicates again that this backbending mainly comes from
the contribution of neutrons. Meanwhile, from ~ω ∼
0.40 MeV to about 0.55 MeV, the contribution from pro-
tons to 〈Jx〉 also increases gradually. This increase comes
from the rearrangement of proton occupations in g9/2 or-
bitals, which is similar as that in 101Pd [33]. It can be
seen that before finishing the rearrangement of proton
occupations in g9/2 orbitals between ~ω ∼ 0.45 MeV to
about 0.55 MeV, the contribution from the proton to
〈Jx〉 is larger than the neutron. This indicates that the
contribution from AMR to the increasing of 〈Jx〉 is larger
than that from the normal rotation. At ~ω> 0.55 MeV,
the increase of neutron angular momentum alignment is
faster than that of proton. This indicates that the con-
tribution from AMR to the increasing of 〈Jx〉 is smaller
than that from the normal rotation. Therefore, the AMR
in 104Pd may separate into two stages.
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Fig. 5. (Color online) The experimental and calcu-
lated angular momentum alignment 〈Jx〉 for the
gsb in 104Pd.
To see the neutron and proton alignment process
more clearly, the contributions of neutron and proton
N = 4 and 5 major shells to the angular momentum
alignment 〈Jx〉 for the gsb in
104Pd are shown in Fig. 6.
The contributions of diagonal
∑
µ
jx(µ) and off-diagonal
part
∑
µ<ν
jx(µν) in Eq. (6) from the neutron N = 5
and proton N = 4 major shell are denoted by dashed
lines. It can be seen that the backbending around ~ω∼
0.4 MeV mainly comes from the neutron N = 5 ma-
jor shell, especially from the diagonal part. Further-
more, if one looks into the details, the neutron diagonal
part jx (ν1/2
−[550]) is mainly responsible for the back-
bending. In addition, the neutron N = 4 major shell
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provides a gradual increase of the angular momentum
alignments after the neutron level crossing. This origi-
nates from the contribution of those neutron (g7/2,d5/2)
orbitals close to the Fermi surface. Fig. 6(b) shows that
the proton N = 4 major shell also contributes a grad-
ual increase of the angular momentum alignment around
the backbending frequency ~ω ∼ 0.4 MeV, in which
the off-diagonal part contributes a lot. Furthermore,
the proton off-diagonal parts jx (pi5/2
+[422]pi7/2+[413]),
and jx (pi7/2
+[413]pi9/2+[404]) are mainly responsible for
this gradual increase in proton angular momentum align-
ment. It also can be seen that at higher rotational fre-
quency region with ~ω > 0.55 MeV, the increase of the
angular momentum alignment from proton N =4 major
shell is slower than that from the neutron N = 4 major
shell. This again tell us that the increase of the angu-
lar momentum alignment from AMR is less than that
provided by the neutron (g7/2,d5/2) orbitals at higher ro-
tational frequency region.
0.0 0.2 0.4 0.6 0.8
-4
0
4
8
12
0
4
8
  (MeV)
(b)
N=4
 diag
ona
l
N=4 off-diagonal
N=5
N=4
Jx
p (
)  
   
   
   
   
   
   
   
Jx
n (
)
 
 
 
 
(a)
N=5 off-diagonal
N=5 diag
onal
N=5 N=
4
 
 
 
 
Fig. 6. (Color online) Contributions of (a) neu-
trons and (b) protons N = 4 and 5 major shells
to the angular momentum alignment 〈Jx〉 for the
gsb in 104Pd. Contributions of diagonal
∑
µ jx(µ)
and off-diagonal part
∑
µ<ν jx(µν) (c.f., Eq. 6)
from the neutron N = 5 and proton N =4 major
shells are denoted by dashed lines.
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Fig. 7. (Color online) Angular momentum vectors
of four proton g9/2 holes (jpi) and neutrons (Jν)
for the gsb in 104Pd. Each jpi includes the con-
tribution from two proton g9/2 holes. The inset
shows the angular momentum vectors of four pro-
ton g9/2 holes (pi9/2
+[404] and pi7/2+[413]) sepa-
rately by neglecting the off-diagonal part in Eq. 6.
Figure 7 shows the angular momentum vectors of four
proton g9/2 holes (jpi) and neutrons (Jν) for the gsb in
104Pd at rotational frequencies from 0.45 to 0.75 MeV.
Each jpi includes the contribution from two proton g9/2
holes. Note that due to the pairing correlations, the
contribution from the off-diagonal part
∑
µ<ν
jx(µν) of
protons is none zero (c.f., Fig. 6), especially at lower rota-
tional frequency region (~ω=0.45 to 0.60 MeV). There-
fore, it is difficult to separate the contribution of each
proton g9/2 hole to the angular momentum alignment to
get the “umbrella”-like AMR mode as in Ref. [26]. How-
ever, with rotational frequency ~ω> 0.60 MeV, the four
proton g9/2 holes are nearly empty and the contribution
from the off-diagonal part to Jx becomes smaller. There-
fore, we can separate the angular momenta of these four
g9/2 holes approximately by neglecting the contribution
from the off-diagonal part to Jx, which has been shown
as an inset in Fig. 7. According to Ref. [45], Jz is calcu-
lated approximately by
Jz =
√
〈Ψ|J2z |Ψ〉 (13)
in the present PNC-CSM formalism. By comparing the
principal axis cranking with the particle rotor model,
this method has already been demonstrated to be a
good approximation. One can see from Fig. 7 that at
~ω = 0.45 MeV, proton vectors jpi are pointing oppo-
site direction and are nearly perpendicular to the neu-
tron vector Jν . With rotational frequency increasing,
6
the two proton jpi vectors gradually close toward the
neutron Jν vector, while the direction of the total an-
gular momentum stays unchanged. Therefore, higher
angular momentum is generated due to the “two-shears-
like” mechanism. From rotational frequency ~ω = 0.45
to 0.75 MeV, the neutron angular momentum alignment
increases smoothly. This is due to the alignment of neu-
trons in g7/2 and d5/2 orbitals, which is consistent with
the TAC-CDFT calculations in Ref. [26]. The two proton
blades close rapidly with rotational frequency ~ω=0.45
to 0.60 MeV, and the magnitude of two jpi vectors keep
no longer constant. This is similar as 101Pd [33], which
originates from the occupation rearrangement in pro-
ton g9/2 orbitals. It should be noted that since pair-
ing correlations are neglected in the TAC-CDFT calcu-
lations for 104Pd in Ref. [26], the four proton g9/2 holes
are fully empty, and there is no proton occupation rear-
rangement process with increasing rotational frequency.
Therefore, the proton blades with nearly constant magni-
tude close steadily with increasing rotational frequency,
which is quite different from the angular momenta pic-
ture in the present PNC-CSM calculation. With rota-
tional frequency increasing from 0.60 to 0.75 MeV, the
close of two proton blades become slow and steady, which
is similar with the typical AMR in 105,106Cd [32]. There-
fore, two stages of AMR in 104Pd are clearly seen. It also
can be seen from the inset of Fig. 7 that with the magni-
tude keeping constant, the angular momentum vectors of
four proton g9/2 holes (pi9/2
+[404] and pi7/2+[413]) close
simultaneously with increasing rotational frequency. In
addition, the two pi9/2+[404] blades close more quickly
than pi7/2+[413] blades, which indicates that the two
pi9/2+[404] holes contribute more angular momenta in
the typical AMR mode.
4 Summary
In summary, the particle-number-conserving method
based on the cranked shell model is used to investigate
the AMR band in 104Pd. The experimental MOIs are
reproduced quite well. In order to reproduce the B(E2)
values, a corresponding deformation change with increas-
ing rotational frequency is necessary. The J (2)/B(E2)
ratios has also been discussed. The occupation prob-
ability of each orbital close to the Fermi surface and
the contribution of each major shell to the total angu-
lar momentum alignment with rotational frequency are
analyzed. The backbending mechanism of the ground
state band in 104Pd is understood clearly and the config-
uration of the AMR after backbending is clarified. The
present calculations suggest that the configuration of the
AMR band in 104Pd should be pig−49/2⊗ν[h
2
11/2,(g7/2,d5/2)
6]
when the pairing correlations are neglected, which is con-
sistent with the TAC-CDFT calculations with PC-PK1.
Furthermore, the crossing of a four quasiparticle states
with this AMR band is also predicted. Finally, the “two-
shears-like” mechanism for the AMR is investigated by
examining the shears angle, and two stages of AMR in
104Pd are clearly seen.
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